Abstract Background: Labral tears have been associated with femoroacetabular impingement, instability, sports-related activity or trauma, capsular laxity or hypermobility, dysplasia, and degeneration. Disruption of the labrum increases the rate of acetabular cartilage compression and the contact stress between the femoral and acetabular cartilage. If left untreated, these lesions will alter normal hip joint function and may eventually lead to osteoarthritis. Methods: For the labrum with adequate tissue (>7 mm), the labrum is repaired if it is detached or torn. If the labrum is bruised, a rim reduction and repair is performed, especially in the presence of cartilage damage and the labral-chondral junction. Labri are debrided only if there is enough substance to maintain the function of the labrum. Care must be taken to fix the labrum so that it provides adequate seal with the femoral head. Results: Two-year outcome on 122 patients who underwent arthroscopic treatment for femoroacetabular impingement and chondrolabral dysfunction showed that, overall, most patients showed an improvement in symptoms and function and were satisfied with the results. Independent predictors of improved outcomes were joint space >2 mm and repair of labral pathology instead of debridement. Several other studies have shown excellent results following labral refixation and repair. Conclusions: Labral tears have been associated with femoroacetabular impingement, instability, sports-related activity or trauma, capsular laxity or hypermobility, dysplasia, and degeneration. Untreated labral tears can result in premature osteoarthritis of the hip. Debridement only used to be the standard of care, but excellent results reveal arthroscopic labral repair and refixation are an option with good outcomes.
Introduction
The hip labrum is a fibrocartilaginous structure that surrounds the acetabular socket. It plays a key role in the hip by providing stability, maintenance of the suction seal, regulation of flow of synovial fluid, and assistance in force distribution for load bearing [1, [8] [9] [10] [11] . In the absence of a labrum or a loss of labral integrity, stability at the hip joint will be diminished [5] . Labral tears have been associated with femoroacetabular impingement, instability, sports-related activity or trauma, capsular laxity or hypermobility, dysplasia, and degeneration [4, 6, 12, 14, 21, 22] . When they occur, most labral tears are in the anterior portion of the labrum [18] , although they may occur in multiple regions of the hip. Disruption of the labrum increases the rate of acetabular cartilage compression and the contact stress between the femoral and acetabular cartilage [9] . If left untreated, these lesions will alter normal hip joint function and may eventually lead to osteoarthritis [18, 19] .
Several studies have looked at the ability of the labrum to heal with repair. In an ovine study, labral resection was compared to labral repair [24] . The labral resection group showed joint effusion and inflammation while the labral repair group showed a stable healed labrum. The study showed that the labrum lesion was being repaired by a fibrovascular scar migrating from the capsular surface of the labrum. The study showed that arthroscopically repaired acetabular-labral lesions in sheep were capable of healing via fibrovascular repair tissue or direct reattachment via new bone formation (or both). This provided the rationale for labral refixation.
Indications and Technique
Patients with a labral lesion often report symptoms of anterior hip and groin pain, locking, giving away, and catching [3] . A study of hip joint kinematics showed that on physical examination, a labral tear causes increases in range of motion of the hip in external rotation and abduction under constant torque conditions [5] and may also contribute to hip instability [23] . A common physical examination finding in patients with labral tears is a positive anterior impingement test [3] . Other tests frequently used are the posterior hip impingement test, flexion abduction external rotation distance test, and the log roll test. In addition, range of motion of the hip is documented. Anterior-posterior radiographs are used to measure joint space and determine the presence of pincer impingement. A joint space of 2 mm or less is considered a contraindication for hip arthroscopy [25] . Crosstable lateral radiographs evaluate the femoral head neck junction offset and measure the alpha angle. MRI is also used to evaluate the alpha angle in addition to evaluating the chondral surfaces and the labrum. Other structures can also be evaluated by MRI, including the ligamentum teres and the capsule.
The patient is placed on a standard fracture table in the modified supine position for hip arthroscopy. The hip is placed in 15°of flexion, and the foot is internally rotated 35°, which brings the femoral neck parallel to the floor. In addition, there is 15°of lateral tilt, and the operative hip is in neutral abduction. The nonoperative hip is placed in 45°of abduction. For traction, complete muscular paralysis is achieved. Fifty pounds of traction creates 10 to 12 mm of joint space.
Two arthroscopic portals are established. The anteriolateral portal is at the anterior aspect of the superior margin of the greater trochanter. The midanterior portal is 7 to 8 cm distal to the anteriolateral portal at an angle of 45°. This location avoids the lateral femoral cutaneous nerve and minimizes trauma to hip flexors.
A systematic examination is performed to evaluate the hip joint. A dynamic exam is also performed to identify areas of impingement. The labrum is evaluated to determine the appropriate treatment. In order to repair a labral tear, adequate labrum must be available. With a small labrum (<7 mm), a torn labrum may require augmentation. For a small bruised labrum, treatment of the impingement will prevent further damage to the labrum. If the small labrum is detached, repair and/or augmentation may be required. For a labrum with adequate tissue (>7 mm), the labrum is repaired if it is detached or torn. If the labrum is bruised, a rim reduction and repair is performed, especially in the presence of cartilage damage and the labral-chondral junction [28] . Labri are debrided only if there is enough substance to maintain the function of the labrum.
Once the decision has been made to repair the labrum, the acetabular rim must be prepared. Prior to trimming the rim, the preoperative center edge should be considered to avoid over-resection ( Fig. 1) . In a study, the acetabular rim reduction was correlated with the preoperative and postoperative center-edge angle [28] . The acetabular depth was measured intraoperatively prior to rim trimming and after rim trimming using a graduated intraoperative ruler. The measurement was taken from the superior aspect of the cotyloid fossa to approximately the 12 o'clock position of the lunate surface. The study showed that the change in the center-edge angle from preoperative to postoperative values could be estimated depending on how much rim was resected. The formula obtained from the regression model was change in the center-edge angle=1.8+(0.65×rim reduction in millimeters). So, if 3 mm of rim is taken off, a change in the center-edge angle of 3.7°can be expected. This is important to measure and calculate in patients with low center-edge angle to avoid over-resection. A dynamic exam should be performed to determine the area of conflict.
The labrum is debrided of fraying and unhealthy tissue, leaving as much viable tissue as possible. In most cases, the labrum is detached, using an arthroscopic knife, to allow for a full resection of the bony overhang. The acetabular rim provides the support structure for the labrum. Reattaching the labrum to the resected rim also allows for more stability of the labrum. The acetabular rim is exposed using a mechanical shaver between the capsule and the labrum. To facilitate the rim trim, a suture can be placed around the labrum to gently lift it out of the way and provide better exposure for rim trimming (Fig. 2) . The rim is trimmed Fig. 1 . Measurement of the acetabular depth intraoperatively is completed prior to rim trimming and after rim trimming using a graduated intraoperative ruler. This stage is critical to avoid over-resection Fig. 2 . A suture (small arrow) can be used to hold the labrum out of the way while the acetabular rim is trimmed using a 5.5 burr. Typically, we resect to the end of the rim chondrosis. The rim trimming is completed using both portals. Commonly, a chondral defect exists at the location of the tear and near the rim (Fig. 3) . During the rim trimming, the size of the chondral defect can be reduced by trimming the rim around the defect. When the labrum is sutured to the rim, the secured labrum will provide an excellent edge of the chondral defect that will contain the clot if microfracture is performed (Fig. 4) .
Following adequate rim resection, the labrum is reaffixed. The labrum is reaffixed to the acetabular bone using suture anchors. They are placed 2 to 3 mm below the cartilage surface (Fig. 5) . The angle of placement is important to avoid penetrating the articular surface with the anchor. Since the acetabular rim is not uniform, it is important to know the limits for inserting sutures and different positions around the labrum. In a study by Lertwanich et al., they defined a safety margin for suture anchor insertion in the labrum and determined the effect of rim trimming [17] . The authors used the acetabular rim angle, which was defined as two straight lines of fixed length that started at the acetabular rim and touched the subchondral bone margin on one side and the outer cortex on the acetabulum on the other side, which was measured on CT slices of the acetabulum. A larger acetabular rim angle meant a higher safety margin for inserting the suture anchor. The rim angle was dependent on the clock position, the drill depth, and the amount of rim trimming. When placing suture anchors, these factors should be considered to avoid penetration of the cartilage surface. The labrum is then sutured to the rim. Sutures are placed around the labrum in a loop fashion or passed through the labrum in a piercing fashion (Fig. 6 ). The type of suture is based on the quality of the labral tissue. If the labrum is hypotrophic, passing the suture through the body of the labrum may cause the tissue to rip. The suture placement is done to recreate the acetabular labral seal by carefully balancing the reduction of the labrum so as not to invert or evert the labrum. To achieve this balance, the loop sutures tend to evert the labrum while the pass-through sutures tend to invert the labrum. Combinations of these sutures allow the surgeon to manipulate the labrum so it sits correctly and acts as a gasket to provide a suction seal. The knots must be placed on the capsular side to ensure that they do not contact adjacent cartilage. When the repair is completed, traction is released, and the hip is again taken through a dynamic exam.
If the labrum appears unstable at any point, more anchors are necessary.
In order for the labral repair to be successful, other pathologies also need to be addressed. Impingement must be addressed to protect the labral repair. For cam impingement, the peripheral compartment is inspected and the osseous bump is visualized (Fig. 7) . A femoral neck osteoplasty is performed followed by a dynamic exam in flexion, extension, abduction, and adduction to determine if the impingement no longer exists.
Results
Studies documenting the outcomes of hip arthroscopy are becoming more frequent in the literature. Several studies have shown that labral repair has better outcomes compared to debridement [7, 15, 25, 27] . In 2009, we published a 2-year outcome on 122 patients who underwent arthroscopic treatment for femoroacetabular impingement (FAI) and chondrolabral dysfunction [25] . The average age was 40 years and the average follow-up was 2.3 years with a Fig. 3 . A cartilage defect of the acetabulum is seen adjacent to the pincer impingement. During the rim trimming, the size of the chondral defect can be reduced by trimming the rim around the defect Fig. 4 . A repaired labrum suture to the acetabular rim with an adjacent cartilage defect. When microfractured, the sutured labrum provides an excellent rim to help contain the clot Fig. 5 . Suture anchors are placed perpendicular to the acetabular rim range of 2 to 2.7 years. The results are that, overall, most patients showed an improvement in symptoms and function and were satisfied with the results. All patients who were not retired or in school returned to work within 5 weeks. Independent predictors of improved outcomes were joint space >2 mm and repair of labral pathology instead of debridement. Larson et al. compared a group of patients who underwent arthroscopic debridement to a group who underwent labral refixation [15] . The debridement group had lower postoperative modified Harris hip scores. In the labral fixation group, 90% of the patients reported good to excellent results while only 67% of the debridement group reported good to excellent results. A group of professional hockey players underwent rim trimming and suture repair. All players returned to skating at an average of 3.8 months following surgery. In comparison, a group of professional hockey players underwent open treatment of FAI. Only 60% returned to hockey, and they returned to skating at an average of 9.9 months.
In a recent MRI study, cartilage strain was compared in cadavers with a torn labrum, a repaired labrum, and a resected labrum [2] . The study showed that a labral repair resulted in a 2% decrease in cartilage strain and a resection caused a 4% increase in cartilage strain. This emphasizes the importance of maintaining labral tissue. The labrum also contributes to the stability of the joint. In addition, a recent study has shown that the acetabular labrum plays a significant role as a secondary stabilizer with increased external rotation and anterior translation when the labrum is torn [20] . The study also showed that repair of the labrum in addition to the iliofemoral ligament provides significant decreased translation and external rotation [20] .
Discussion
Until 2001, debridement was the standard of care for operative management of labral tears. However, histologic examination of the resected labra showed degeneration between the base of the labrum and the border of the acetabular cartilage [13] . These findings prompted modifications to surgical techniques that preserve more of the acetabular rim while just debriding the degenerated portion of the labrum. Since then, hip arthroscopy and labral refixation have resulted in good outcomes and high levels of patient satisfaction. In 2005, and again later in 2006, a technique for arthroscopic labral refixation with rim trimming was published [14, 26] . In 2009, labral refixation was shown to be superior to debridement in open treatment [15] . Patients demonstrated shorter recovery periods and superior clinical and radiographic results at 1 and 2 years postoperatively [7] . Although results were preliminary, their recommendation was refixation of the intact portion of the labrum following trimming of the acetabular rim during surgical treatment of FAI. In comparison to labral debridement, arthroscopic labral refixation has shown superior results in multiple studies. Philippon et al. showed that labral repair during hip arthroscopy for FAI with associated chondrolabral dysfunction yields better outcomes than labral debridement [25] . In a study by Larson et al., it was shown that labral refixation resulted in better modified Harris hip scores and a greater percentage of good to excellent results [16] . Furthermore, they identified a trend toward fewer progressive degenerative changes at early follow-up in labral refixation compared with labral debridements [16] . Disclosures The institutions of the one or more of the authors (KKB, MJP, TF, DP) have received funding from a commercial entity related to this work. The institutions of the one or more of the authors (TF, KKB, DP, MJP, have received funding from a commercial entity outside of the work. One or more of the authors (MJP)certifies that he or she has or may receive payments or benefits from a commercial entity outside of the work.
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